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$QHZW\SHRISLSHIODQJHFRQQHFWLRQKDVEHHQLQWURGXFHGE\4XLFNIODQJH>@LQZKLFKWKHSLSHDQGIODQJHDUH
MRLQHGE\SODVWLFDOO\GHIRUPLQJWKHSLSHLQWRSUHPDQXIDFWXUHGJURRYHVLQWKHIODQJH$VHFWLRQFXWRIWKHILQDOSLSH
IODQJHFRQQHFWLRQLVVKRZQLQ)LJ,WPDNHVXVHRIDVWDQGDUG$60(%ZHOGQHFNIODQJHZKLFKLVPRGLILHG
E\ PDQXIDFWXULQJ WZR LQWHUQDO FLUFXPIHUHQWLDO JURRYHV DQG KDYLQJ D VOLJKWO\ LQFUHDVHG LQQHU ERUH GLDPHWHU WR
DFFRPPRGDWHIRUWKHSLSH7KHSLSHLVLQVHUWHGLQWRWKHIODQJHDQGLVFROGZRUNHGLQWRWKHJURRYHVE\DK\GUDXOLF
WRROHQWHUHGIURPWKHIODQJHHQG7KHWRROFRQVLVWVRIHLJKWZHGJHVKDSHGH[SDQVLRQWHHWKFUHDWLQJDYHU\VLPSOHDQG
VWURQJPHWDOWRPHWDOVHDO7KHPDLQDGYDQWDJHRIWKLVFRQQHFWLRQRYHUWKHFRQYHQWLRQDOZHOGLQJQHFNIODQJHLVWKDW
WKHFRQQHFWLRQLVDFFRPSOLVKHGZLWKRXWDQ\XVHRIDKHDWVRXUFHKHQFHHOLPLQDWLQJDQ\GLVWRUWLRQUHODWHGLVVXH
7KHPDLQREMHFWLYHRIWKHFXUUHQWVWXG\LVWRGHYHORSDILQLWHHOHPHQWPRGHOWRVLPXODWHWKHMRLQLQJSURFHVVRIWKH
4XLFNIODQJH FRQQHFWLRQ (VSHFLDOO\ GXULQJ WKH FROG ZRUN SURFHVV WKH SLSH H[SHULHQFHV VLJQLILFDQW SODVWLF
GHIRUPDWLRQ ZKLFK PLJKW OHDG WR ORFDO GXFWLOH IDLOXUH RI WKH SLSH DW WKH FROG ZRUNHG UHJLRQ DQG FRQVHTXHQWO\
GHFUHDVH WKH RYHUDOO ORDG FDUU\LQJ FDSDFLW\ RI WKH FRQQHFWLRQ 7KHPRGHO ZLOO EH XVHG WR DVVHVV WKHPHFKDQLFDO
LQWHJULW\DQGWKHORDGFDUU\LQJFDSDFLW\RIWKHUHVXOWLQJFRQQHFWLRQZLWKWKHDLPWRDUULYHRQDQRSWLPL]HGGHVLJQDQG
FRQILJXUDWLRQRIWKHPRGLILHGIODQJH)RUWKHSXUSRVHRIWKLVVWXG\D´6FKFRQQHFWLRQZLWKDPRGLILHG$16,
%&ODVVIODQJHLVXVHGDVWKHUHIHUHQFHZKLFKLVDQDYDLODEOH4XLFNIODQJHSURGXFW

)LJ&URVVVHFWLRQYLHZRIWKHPRGLILHGZHOGLQJQHFNIODQJHDIWHUWKHH[SDQVLRQVWHS
0DWHULDO3URSHUWLHVDQG&RQWDFW%HKDYLRU
7KHIODQJHPDWHULDOLVDIRUJHGFDUERQVWHHO6$1FRPPRQO\XVHGLQIODQJHFRPSRQHQWVIRUDPELHQWDQGKLJK
WHPSHUDWXUH VHUYLFH LQSUHVVXUH V\VWHPV >@ DQG LV UHFHLYHGDV D$16,%FODVV VWDQGDUGZHOGLQJQHFN
IODQJH7KHSLSHPDWHULDOLVDVHDPOHVVFDUERQVWHHO6$*UDGH%FRPPRQO\XVHGIRUKLJKWHPSHUDWXUHVHUYLFHLQ
SLSLQJV\VWHPV>@DQGLVUHFHLYHGDVD´SLSHZLWKDQRPLQDORXWHUSLSHGLDPHWHURIPPDQGDQRPLQDO
LQQHUGLDPHWHURIPP
2.1. True Stress-Strain Curves 
7KH8QLD[LDOWHQVLOHWHVWVDUHFRQGXFWHGRQERWKVSHFLPHQVFXWRXWIURPERWKWKHSLSHDQGWKHIODQJH,Q)LJD
WKHWUXHVWUHVVYHUVXVWUXHVWUDLQIURPWKHXQLD[LDOWHVWVDUHVKRZQIRUERWKPDWHULDOV
7KH H[SHULPHQWDO GDWD DQG WKH%ULGJPDQGDWDZHUH FXUYHILWWHG WRREWDLQ WKH IROORZLQJH[SRQHQWLDO KDUGHQLQJ
VWUHVVVWUDLQPRGHOJLYHQE\HTQZKHUHE LVWKHPRGXOXVRIHODVWLFLW\ V GHQRWHVWKHPRGHO\LHOGVWUHVVn LV
WKHVWUDLQKDUGHQLQJH[SRQHQWDQG WKHQRUPDOL]LQJVWUDLQ   EH V 7KHPRGHOSDUDPHWHUVDUH OLVWHG LQ WDEOH
7KHH[SHULPHQWDOO\REWDLQHGRIIVHW\LHOGVWUHQJWKSyIRUERWKWKHPDWHULDOVDUHDOVRUHSRUWHGLQWDEOH
3LSH
)ODQJH*URRYHV
1HFN
448   I. Barsoum and A.M. Khalaf /  Procedia Engineering  130 ( 2015 )  446 – 452 

 

 n
EH H H
V HV H H
H
d­
°
§ ·®
!¨ ¸°
© ¹¯
  
D E
)LJD7UXHVWUHVVVWUDLQEHKDYLRUIRU6$SLSHDQG6$IODQJHDQGEGXFWLOHIDLOXUHORFXVIRU6$SLSH
7DEOH3ODVWLFLW\PRGHOSDUDPHWHUVLQHTQ
0DWHULDO
Sy
03D 
E
*3D 
V0
03D
n 
 
H0 
 
6$*U%3LSH     
6$1)ODQJH     
2.2. Ductile Failure Locus 
,QRUGHUWRDFFRXQWIRUDQ\GDPDJHGXULQJWKHFROGZRUNSURFHVVRIWKHSLSHLQWRWKHPDQXIDFWXUHGJURRYHVRIWKH
PRGLILHGZHOGLQJQHFNIODQJHLWLVHVVHQWLDOWRHVWDEOLVKWKHGXFWLOHIDLOXUHORFXVRIWKHSLSHPDWHULDO6$*U%
,WLVZHOONQRZQWKDWWKHPLFURPHFKDQLVPWKDWLQLWLDWHVGXFWLOHIDLOXUHLQVWHHOVDQGDOXPLQXPDOOR\VLVJRYHUQHGE\
QXFOHDWLRQ RI PLFUR YRLGV ZKLFK LV IROORZHG E\ JURZWK DQG FRDOHVFHQFH RI WKH IRUPHG YRLGV OHDGLQJ WR ILQDO
XOWLPDWHIDLOXUH>@'XFWLOHIUDFWXUHJRYHUQHGE\YRLGJURZWKDQGFRDOHVFHQFHGHSHQGVVWURQJO\RQWKHOHYHORI
VWUHVVWULD[LDOLW\GHILQHGDVWKHUDWLREHWZHHQWKHK\GURVWDWLFVWUHVVDQGWKHYRQ0LVHVVWUHVVHJ h sT V V 
,Q >@ WKHGXFWLOH IDLOXUH ORFXV IRU6$*U% LV GHWHUPLQHG H[SHULPHQWDOO\ ,Q)LJ E WKH UHVXOWLQJ
IDLOXUH ORFXV HJ fH YHUVXV T DW IDLOXUH REWDLQHG IURP >@ LV SORWWHG ZKHUH WKH VROLG PDUNHUV SHUWDLQ WR
H[SHULPHQWDOGDWD$VZRXOGEHH[SHFWHGIURPYRLGJURZWKDQGFRDOHVFHQFHGULYHQPRGHOV>@ WKHVWUDLQ WR
IDLOXUHLQFUHDVHVZLWKGHFUHDVHLQWULD[LDOLW\LQDQH[SRQHQWLDOPDQQHU+HQFHWKHH[SHULPHQWDOGDWDLVFXUYHILWWHG
WRDQH[SRQHQWLDOIXQFWLRQJLYHQE\HTQZKHUHWKHSDUDPHWHUVDUHGHWHUPLQHGWREHA  DQGB 
  BTf T AeH    
$60( ERLOHU DQG SUHVVXUH YHVVHO FRGH 6HFWLRQ9,,, 'LYLVLRQ  >@ SURYLGHV D ORFDO VWUDLQ OLPLW FULWHULRQ WR
SURWHFWSUHVVXUHYHVVHOVDJDLQVWORFDOIDLOXUHXQGHUDSSOLHGORDGV7KHSLSHPDWHULDO6$*U%LVDIHUULWLFFDUERQ
VWHHODQGLWVFRUUHVSRQGLQJIDLOXUHORFXVGHULYHGIURP>@LVSORWWHGLQ)LJEGDVKHGEOXHOLQH
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+HQFHWKHIDLOXUHORFXVGHULYHGIURPHTQLVLPSOHPHQWHGLQWKHILQLWHHOHPHQWPRGHOWRDFFRXQWIRUGXFWLOH
IDLOXUHRIWKHSLSHGXULQJWKHFROGZRUNSURFHVVRIWKHSLSHIODQJHFRQQHFWLRQ
2.3. Friction Model 
7KHFROGZRUNSURFHVVRIWKHSLSHLQWRWKHPDQXIDFWXUHGJURRYHVLQWKHPRGLILHGZHOGLQJQHFNIODQJHLQYROYHV
FRPSOH[FRQWDFWLQWHUDFWLRQVEHWZHHQWKHPDWLQJVXUIDFHVRIWKHSLSHIODQJHDQGH[SDQVLRQWRRO,QPHWDOIRUPLQJ
SURFHVVHVZKHUHWKHEODQNHJSLSHXQGHUJRHVODUJHSODVWLFGHIRUPDWLRQVIULFWLRQKDVDODUJHLQIOXHQFHRQWKHPHWDO
IORZEHKDYLRU,QRUGHUWRDFFXUDWHO\SUHGLFWWKHFROGZRUNSURFHVVUHDOLVWLFIULFWLRQDOFRQGLWLRQVQHHGWREHVSHFLILHG
HVSHFLDOO\DWKLJKFRQWDFWSUHVVXUHOHYHOVDQGDFFRXQWHGIRULQWKHILQLWHHOHPHQWPRGHO/HX>@SUHVHQWHGUHFHQWO\
DVLPSOHGU\IULFWLRQPRGHOIRUPHWDOIRUPLQJSURFHVV7KHIULFWLRQFRHIILFLHQWPLVJLYHQE\
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ZKHUHn LVWKHVWUDLQKDUGHQLQJH[SRQHQWRIWKHPHWDOJLYHQLQWDEOHpLVWKHFRQWDFWSUHVVXUHOHYHODQG utS LVWKH
XOWLPDWHVWUHQJWKRIWKHPHWDO,QWHUPVRIWUXHVWUHVVYDOXHV utS  03DIRU6$*U%SLSHDQG utS  
03DIRU6$1IODQJH7KLVIULFWLRQPRGHOLVLPSOHPHQWHGLQWKHILQLWHHOHPHQWPRGHOE\SURYLGLQJDSUHVVXUH
GHSHQGHQWFRHIILFLHQWRIIULFWLRQDQGZLOOJRYHUQWKHFRQWDFWLQWHUDFWLRQEHWZHHQWKHH[SDQVLRQWRROSLSHDQGIODQJH
7KH)LQLWH(OHPHQW0RGHO
$GHWDLOHGWKUHHGLPHQVLRQDOPRGHOZDVEXLOWLQ$EDTXV([SOLFLWY>@WRVLPXODWHWKHLQVWDOODWLRQSURFHVVHV
RI WKH SLSHIODQJH FRQQHFWLRQ DQG WR DVVHVV WKHPHFKDQLFDO LQWHJULW\ RI WKH FRQQHFWLRQ 7KHPRGHO DVVHPEO\ DV
VKRZQLQ)LJFRQVLVWVRIWKHSLSHZLWK´QRPLQDOGLDPHWHUDWRWDORIWHHWKRIWKHH[SDQVLRQDQGWKHIODQJH
ZKLFKLVDVWDQGDUG%FODVVZHOGLQJQHFNIODQJHPRGLILHGZLWKWZRFLUFXPIHUHQWLDOJURRYHV7KHWHHWKRI
H[SDQVLRQWRRODUHPDGHRIKDUGHQHGVWHHODQGDUHFRQVLGHUHGLQUHJDUGWRWKHSLSHDVULJLGQRQGHIRUPDEOHVROLGV
7KH SLSH DQG IODQJH DUH PRGHOHG DV GHIRUPDEOH VROLGV DQG DUH DVVLJQHG DQ HODVWLFSODVWLF PDWHULDO EHKDYLRU
IROORZLQJ 0LVHV \LHOG FULWHULRQ ZLWK D WUXH VWUHVVVWUDLQ UHODWLRQ E\ HTQ  DQG WDEOH  IRU HDFK PDWHULDO
UHVSHFWLYHO\7KHPDWHULDOZDVDVVXPHGWREHLVRWURSLFKDUGHQLQJZLWKUDWHLQGHSHQGHQWEHKDYLRU
7KHIDLOXUHHQYHORSHIRUWKHSLSHPDWHULDO6$*U%JLYHQE\)LJDDQGHTQLVSURYLGHGDVDPDWHULDO
FKDUDFWHULVWLF LQ WKH PRGHO GHILQLQJ WKH FULWLFDO HTXLYDOHQW VWUDLQ DV IXQFWLRQ RI WKH VWUHVV WULD[LDOLW\ 'DPDJH
DFFXPXODWLRQLVWKHQFDOFXODWHGLQHDFKHOHPHQWDQGDWHDFKORDGLQFUHPHQWE\HYDOXDWLQJWKHIROORZLQJLQWHJUDO
 
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ZKHUHȦ LV DSKHQRPHQRORJLFDO GDPDJH VWDWHYDULDEOH DQG  f TH LV WKH IDLOXUH HQYHORSHJLYHQE\ HTQ 7KH
GDPDJH VDWH YDULDEOHȦZLOO LQFUHDVHPRQRWRQLFDOO\ZLWK SODVWLF GHIRUPDWLRQ LQ HDFK HOHPHQW 2QFH LW DWWDLQV D
YDOXH RI XQLW\ WKH GXFWLOH GDPDJH LQLWLDWLRQ FULWHULRQ LVPHWZKLFK LQ WKLV VWXG\ LV DOVR UHJDUGHG DV WKH SRLQW DW
XOWLPDWHIDLOXUH
$JHQHUDOFRQWDFWLQWHUDFWLRQLVGHILQHGEHWZHHQWKHVXUIDFHVRIWKHULJLGH[SDQVLRQWRROVHJPHQWVWKHSLSHDQG
WKH IODQJH 7KH IULFWLRQ FRHIILFLHQW LV DVVXPHG WR KDYH LVRWURSLF GLUHFWLRQDO SURSHUWLHV ZLWK FRQWDFWSUHVVXUH
GHSHQGHQF\JLYHQE\WKHIULFWLRQPRGHOLQHTQ7KHVLPXODWLRQLVFDUULHGRXWRYHUILYHDQDO\VLVVWHSV,QWKHILUVW
VWHS WKH H[SDQVLRQ WRRO VHJPHQWV DUH H[SDQGHG UDGLDOO\ WRZDUGV WKH SLSH LQQHU GLDPHWHU DQG DUH JLYHQ D UDGLDO
GLVSODFHPHQW RI PP FRUUHVSRQGLQJ WR WKH ILQDO SRVLWLRQ RI WKH WRRO VHJPHQWV LQ WKH H[SDQVLRQ SURFHVV ,Q WKH
VHFRQGDQDO\VLVVWHSWKHH[SDQVLRQWRROVHJPHQWVDUHUHWUDFWHGDQGWKHSLSHH[SHULHQFHHODVWLFVSULQJEDFN,QWKH
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WKLUGDQDO\VLVVWHSDIL[HGGLVSODFHPHQWERXQGDU\FRQGLWLRQLVDSSOLHGWRJDVNHWVHDWLQJDUHDLQRUGHUWRVLPXODWHWKH
RSSRVLWHIODQJHDQGDQD[LDOEROWSUHORDGRIN1LVDSSOLHGDWHDFKRIWKHIRXUEROWKROHVFRUUHVSRQGLQJWRSUH
WHQVLRQLQJRI0EROWVRIJUDGH,QWKHIRXUWKVWHSDQLQWHUQDOSUHVVXUHRI03DFRUUHVSRQGLQJWRWKHGHVLJQ
SUHVVXUHRI%DULVDSSOLHGWRWKHLQWHUQDOVXUIDFHRIWKHSLSH,QWKHVXEVHTXHQWDQDO\VLVVWHSVWHSDQH[WHUQDO
D[LDOORDGLVDSSOLHGDWWKHSLSHHQGVXFKWKDWXOWLPDWHORDGFDSDFLW\RIWKHSLSHIODQJHFRQQHFWLRQFDQEHGHWHUPLQHG
7KHH[WHUQDOD[LDOORDGFDVHSRVVHVVERWKV\PPHWU\LQORDGDQGJHRPHWU\DQGWKXVRQO\óRIWKHHQWLUHDVVHPEO\FDQ
EHPRGHOHGDVVKRZQLQ)LJ6\PPHWU\ERXQGDU\FRQGLWLRQVDUHDVVLJQHGWRWKHxySODQHDQGWKHxzSODQHDQGDQ
D[LDOORDGLVDSSOLHGRQWKHIUHHHQGRIWKHSLSH$WRWDORI'OLQHDUQRGHLVRSDUDPHWULFEULFNHOHPHQWV
ZLWKUHGXFHGLQWHJUDWLRQ&'5ZHUHXVHGLQWKHH[WHUQDOD[LDOORDGFDVH

)LJ$VVHPEO\RIWKH)(PRGHO
3HUIRUPDQFH$FFHSWDQFH&ULWHULD
7KH SHUIRUPDQFH RI WKH SLSHIODQJH FRQQHFWLRQ LV HYDOXDWHG EDVHG RQ DQ H[WHUQDO D[LDO ORDG FULWHULRQ$60(
%>@JLYHVDEDVLFDOORZDEOHVWUHVVLQWHQVLRQIRUSLSHPDWHULDOVDQGGHVLJQVWUHVVYDOXHVIRUIODQJHPDWHULDO
7KHVHVKDOOQRWEHH[FHHGHGDVSHU$60(%FRGHUHTXLUHPHQWV)RU6$*U%WKHDOORZDEOHVWUHVVLVSall 
03DZKLFKLPSOLHVDVDIHW\IDFWRUDJDLQVW\LHOGLQJSy 03DDQGDJDLQVWXOWLPDWHIDLOXUHSut 
03D+HQFHWKHDFFHSWDQFHFULWHULRQIRUD[LDOORDGEDVHGRQ>@LVGHILQHGDVWKHDOORZDEOHIRUFHLQWHQVLRQLQ
WKHWUDQVYHUVHFURVVVHFWLRQRIWKHSLSHFall N1ZKLFKLVHVVHQWLDOO\REWDLQHGE\PXOWLSO\LQJSallZLWKWKHFURVV
VHFWLRQDODUHDRIWKHSLSH)RUFRPSDUDWLYHUHDVRQVWKHIRUFHFDXVLQJLQLWLDO\LHOGDQGXOWLPDWHIDLOXUHLQWKHSLSHDUH
DOVRGHWHUPLQHGFy N1DQGFut N1 UHVSHFWLYHO\7KHFDSDFLW\RI WKHSLSHIODQJHFRQQHFWLRQZLOOEH
DVVHVVHGLQYLHZRIWKHVHOLPLWLQJIRUFHV
5HVXOWV
7KUHHGLIIHUHQWJURRYHJHRPHWULHVZKHUHFRQVLGHUHGDVVKRZQLQ)LJDQGDUHUHIHUUHGWRDVPRGHODQG
7KHILUVWURZRI)LJVLQ)LJVKRZVWKHLQLWLDOVWDJHSULRUWRWRROH[SDQVLRQZKHUHDVWKHVHFRQGURZVKRZVWKHHQG
RIWKHFROGZRUNSURFHVVZKHUHWKHH[SDQVLRQWRROLVUHWUDFWHG7KHH[SDQVLRQWRWDOIRUFHUHTXLUHGIRUHDFKRIWKH
WKUHHFDVHVYDULHV)RUPRGHODQGWKHWRWDOH[SDQVLRQIRUFHUHTXLUHGLVN1N1DQGN1
3LSH
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)LJ&RQWRXUSORWVDWWKHLQLWLDOVWDJHHQGRIWKHH[SDQVLRQVWDJHDQGDWWKHSXOORXWVWDJHRIWKHSLSH

D E F
)LJ$[LDOORDGFDUU\LQJFDSDFLW\D[LDOIRUFHYVGLVSODFHPHQW
,Q)LJ  WKHPHFKDQLFDO UHVSRQVH RI WKH SLSHIODQJH FRQQHFWLRQ IRUPRGHO  DQG DUH VKRZQ ,QRUGHU WR
DVVHVV WKHPHFKDQLFDO LQWHJULW\ WKH ORVV RI IXQFWLRQ RI WKH FRQQHFWLRQ LV LGHQWLILHG DV HLWKHUZKHQ WKH D[LDO ORDG
FDXVHVSLSHVOLSSDJHHJZKHQWKHSLSHLVSXOOHGRXWIURPWKHIODQJHRUZKHQGXFWLOHIDLOXUHLQWKHSLSHRFFXUVHJ
GDPDJHYDULDEOHZ WKURXJKWKHWKLFNQHVVRIWKHSLSH7KHD[LDOIRUFHYHUVXVD[LDOGLVSODFHPHQWRIWKHSLSHIRU
PRGHOLQ)LJVKRZVWKDWWKHFRQQHFWLRQFDQZLWKVWDQGDPD[LPXPD[LDOIRUFHRIN1ZKLFKLVPXFKKLJKHU
Futαʹͺ͹
Fyαͳ͸͸
Fallαͻͷ
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WKDQ WKHDOORZDEOHIRUFHFallDQG\LHOGLQJIRUFHFyDVSHU$60(%>@EXWVPDOOHU WKDQ WKHXOWLPDWH WHQVLOH
IRUFHFut RI WKH SLSH DVSHU WKHSHUIRUPDQFH DFFHSWDQFH FULWHULRQ7KH FRUUHVSRQGLQJGHIRUPHG VKDSHV DW YDULRXV
IRUFHOHYHOVDUHVKRZQDVFRQWRXUVRIWKHGDPDJHYDULDEOHZLQWKHWKLUGURZRI)LJ)RUPRGHOWKHSLSHGHIRUPV
H[WHQVLYHO\GXULQJSXOORXW VXFK WKDW VOLSSDJHEHWZHHQ WKHSLSH DQG WKH IODQJHRFFXUV WKHSLSH LVSXOOHGRXW DQG
KHQFHWKHFRQQHFWLRQORVHVLWVIXQFWLRQ,QYLHZRIWKHVWUXFWXUDOLQWHJULW\DFFHSWDQFHFULWHULRQGHULYHGIURP$60(
%>@PRGHOOVDWLVILHVWKHFULWHULRQVLQFHWKHORVVRIIXQFWLRQRIWKHFRQQHFWLRQRFFXUVDWDIRUFHOHYHON1
ODUJHUWKDQFall N1
)RUPRGHORQWKHRWKHUKDQGLWFDQEHVHHQWKDWORDGFDUU\LQJFDSDFLW\LVN1ZKLFKLVFORVHWRWKHXOWLPDWH
WHQVLOHIRUFHFut N1RIWKHSLSH,QIDFWWKHORVVRIIXQFWLRQRIWKHSLSHIODQJHFRQQHFWLRQKHUHLVGXHWRSLSH
IDLOXUHDWLQFUHPHQWDQGQRWDVLQWKHFDVHPRGHOGXHWRVOLSSDJHEHWZHHQWKHSLSHDQGWKHIODQJH7KLVLQGLFDWHV
WKDWWKHDGGLWLRQDOWZRJURRYHVLQPRGHODUHDEOHWRUHVLVWWKHORDGDQGSUHYHQWWKHSLSHIURPVOLSSDJH7KXVWKH
WZRPRGHOVKDYHGLVWLQFWO\GLIIHUHQWIDLOXUHPRGHV0RUHRYHULWFDQEHQRWHGWKDWWKHORDGFDUU\LQJFDSDFLW\RIHDFK
PRGHOHJPD[LPXPD[LDOIRUFHUHODWHV WR WKHDPRXQWRIFROGZRUNGXULQJWKHH[SDQVLRQSURFHVVZKLFKFDQEH
TXDQWLILHGE\WKHPD[LPXPH[SDQVLRQIRUFH,WVKRXOGEHQRWHGWKDWLQRUGHUWRFUHDWHDJRRGFRQQHFWLRQDQGKDYHD
VDWLVIDFWRU\SHUIRUPDQFHIRUODUJHGLDPHWHUSLSHVGLIILFXOWLHVFRXOGDULVHGXULQJWKHFROGZRUNSURFHVV,WFRXOGEH
QHFHVVDU\WRRSWLPL]HWKHJURRYHFRQILJXUDWLRQIRUDQRSWLPXPGHVLJQDVVXJJHVWHGLQ)LJ
&RQFOXVLRQ
,QWKHFXUUHQWVWXG\DQRYHOSLSHIODQJHFRQQHFWLRQPHWKRGLVSUHVHQWHGXVLQJD$60(%FODVVPRGLILHG
ZHOGQHFNIODQJH7KHSLSHIODQJHFRQQHFWLRQLVEDVHGRQFROGZRUNLQJWKHSLSHLQWRWKHPRGLILHGIODQJHZKLFKKDV
DSRWHQWLDORI UHSODFLQJ WKHFRQYHQWLRQDOZHOGHG MRLQW7KUHHGLIIHUHQWPRGLILHG IODQJHJHRPHWULHV DUHFRQVLGHUHG
DQG LW VKRZ WKDWDQRSWLPXPXOWLPDWH ORDGFDUU\LQJFDSDFLW\RI WKHSLSHIODQJHFRQQHFWLRQFDQEHDFKLHYHG IRUD
FHUWDLQ IODQJH GHVLJQ 7KH XOWLPDWH ORDGLQJ FDUU\LQJ FDSDFLW\ RI WKH SLSHIODQJH LV IRXQG WR EH KLJKHU WKDQ WKH
VSHFLILHGGHVLJQORDGDVSHU$60(%XQGHUWKHJLYHQDVVXPSWLRQV
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